Background: Improving patient safety is a major goal in healthcare systems worldwide. There are several international training programs to improve patient safety, but they are often focused on single topics and professions. Therefore, one inter-professional training program for inpatient care teams, which combines key areas of patient safety (Teamwork, Error management and Patient involvement), was developed by our research group. In the present study we aim to (1) pilot this training program by comparing two different training formats (e-learning only versus blended learning) with a waiting control group and (2) evaluate the feasibility of the intervention. Methods and analysis: (1) To pilot the intervention a cluster randomized controlled trial will be performed at three study sites. Therefore, an e-learning group and a blended learning group will be compared to a waiting control group at three points of assessment; (2) The feasibility of the intervention will be evaluated using qualitative methods. We will conduct problem-focused individual interviews as part of the post-intervention measurement in order to collect information on acceptance, implementation, promoting factors and barriers from the staffs' perspective.
Background
Improving patient safety is a major goal in healthcare systems worldwide [1] . Patient safety can be defined as the "avoidance, prevention and amelioration of adverse outcomes or injuries stemming from the process of healthcare" [2] . The World Health Organization has stated that 134 million adverse events occur each year in hospitals, contributing to 2.6 million deaths annually due to unsafe care [3] . Internationally, a wide range of interventions for improving patient safety exist, putting a particular emphasis on developing training programs [4] . Existing international training programs often focus on single professions as well as a specific patient safety topic, e.g., teamwork (Strategies and Tools to Enhance Performance and Patient Safety -TeamSTEPPS, USA) [5, 6] , Speak up initiatives (USA) [7] [8] [9] , patient involvement (Patientenempfehlungen (Recommendations for patients) -PATEM, Switzerland) [10] . To the best of our knowledge, there is no inter-professional training program for inpatient care teams which covers different key areas of patient safety. However, due to the complexity of patient safety, a reduction to the most important contents was necessary. Therefore, focus groups were established by our research group to find out the requirements of an inter-professional, multi-content, training program in Germany [11] . The main findings of the study were the training format and recommendations regarding the content: The training should be a combination of e-learning and interactive in-person training (blended learning), with the content focused on Teamwork, Error management and Patient involvement [11] . These recommendations are consistent with the Patient Safety Curriculum Guide [1] and the Learning Objective Catalog for Patient Safety [12] , which define these as the three key areas, among others. If we look into the literature, a considerable amount of evidence can be found confirming these topics as the three key areas. Current research shows that training programs can provide new insights and improve attitudes toward teamwork [13] [14] [15] [16] [17] . Improving teamwork can lead to increased patient satisfaction [18] , employee satisfaction [19] and employee well-being [20] , more efficient patient treatment [21] as well as to decreased medical errors [22] and mortality [23] . By improving communication within the team of healthcare professionals and with patients, such programs can also contribute to improvements in healthcare delivery and make healthcare safer [17, [24] [25] [26] [27] [28] [29] [30] [31] . Furthermore, discussions and reflections of adverse events, errors and their consequences for patients can build the foundation for open communication and thus a practiced safety culture [32] . With regard to patient involvement, patients have been found to possess the willingness, ability and desire to play an active role in error prevention in accordance with their capabilities [28, [33] [34] [35] [36] . However, this willingness is closely linked to positive attitudes of the inpatient care team concerning open communication about errors and patient involvement as well as to their social and communicative competencies [37] [38] [39] . In total, all three topics are mutually dependent on each other and lead to better patient safety.
The KOMPAS project (KOMPAS = German acronym for "Development and evaluation of a complex training program to improve patient safety") takes a first step to close this gap by designing a training program according to the stated criteria by using innovative adult education methods. Moreover, an optimal implementation strategy can foster the implementation of the intervention in healthcare practice by overcoming potential barriers. The present study aims to (1) pilot the training program by comparing two different training formats with a waiting control group (WCG) and (2) evaluate the feasibility of this intervention. 
Methods and analysis

Study design
According to the Medical Research Council Framework for Developing and Evaluating Complex Interventions [40] , the study is classified as Phase 2 (Feasibility and Piloting).
To pilot the intervention, a cluster randomized controlled study will be performed. Cluster units will be wards at the participating hospitals. The cluster design was selected as it is considered the best option if an individual randomization is not possible. For methodical, ethical and organizational reasons, the same intervention must be offered to all staff on a ward, otherwise there is a risk of contamination [41] . Prior to data collection, inpatient care teams from the participating wards (clusters) at the three study sites will randomly be assigned the to: (1) an e-learning group (intervention group 1; IG1), (2) a blended learning group (combined e-learning and inperson training; intervention group 2; IG2), or (3), a WCG based on computer-generated randomization sequence with a 1:1:1 treatment allocation ratio, stratified by center. To ensure concealment, central randomization with variable block sizes will be conducted by an independent statistician not involved in recruitment or implementation of the intervention. Both representatives of the clusters and work councils sought consent before randomization. Data will be collected at three points of assessment: (1) prior to the intervention (pre-measurement), (2) 12 weeks post intervention (post-measurement), and 24 weeks post intervention (follow-up measurement). Figure 1 illustrates the study process.
The study design will also be tested as part of the piloting process. This will involve reviewing the central components of the study, e.g., randomization, recruitment procedures, inclusion and exclusion criteria, comparability of samples, and participation rates. Likewise, the intervention effect and the intra-cluster correlation coefficient (ICC) will be estimated in order to provide a suitable basis for calculating the sample sizes for a future confirmatory study.
The feasibility of the intervention will be evaluated using qualitative methods. In the course of the postmeasurements, problem-focused individual interviews (half standardized) will be conducted with a random selection of participants (for approximately 10% of the participants) from IG1 (N = 18) and IG2 (N = 18). 
Study setting and recruitment
Hospitals geographically located in areas around the three study sites (Hamburg (North-West Germany), Bonn (Middle-West Germany) and Freiburg (SouthWest Germany)) can participate in the study. A list of study sites can be obtained from consortium leaders in Freiburg. Hospital recruitment will be organized nonrandomly by each of the three study sites according to pre-defined criteria for participating wards: (1) inpatient care teams with a minimum of 10 members, (2) inpatient care teams with an inter-professional composition. Pediatric, emergency and intensive care wards will be excluded from participating in the study, as teamwork is highly regimented in pediatrics and emergency care, and patient involvement would not be comparable to other wards. Moreover, inpatient care teams with less than 10 members and mono-professional teams will be excluded. Participating hospitals will be asked to assign a local study coordinator, who supports the research team in local staff recruitment, organization of the intervention, and data collection at the wards. The following inclusion criteria for the participants are mandatory: (1) being a member of the participating inter-professional inpatient care team (e.g., physicians, nurses, physiotherapists, speech therapists, ergo therapists), (2) being at least 18 years old and (3) being fluent in German. Team members of mono-professional teams, team members under the age of 18 years and team members who are not able to speak German fluently will be excluded from participating in the study.
Sample size
As the anticipated effect of the intervention on the primary and secondary outcomes is unclear, one of the aims of the feasibility study is to estimate this effect, in preparation for a confirmatory study [40] . Thus, the required sample size is determined on the basis of the identification of important rare (predicted or unpredicted) events [42] . In order to identify an event which occurs in 10% of cases with a confidence interval of 95%, 30 people have to be investigated in each relevant subgroup [42] . A conservative minimum of 10 employees per inpatient care team on the wards (cluster) will be taken as a starting point, so the three study sites each comprise nine wards (three per study arm). This means that viable data from a total of 90 participants (30 in IG1, IG2 and WCG, respectively) must be collected at each study site. As we anticipate a dropout rate of up to 25%, 12 wards will be recruited at each study site and randomly assigned to the three study arms. Thus, the study will in total include 36 wards with a minimum of 360 participants across three sites (10 participants * 4 wards * 3 study arms * 3 study sites).
Intervention
The intervention is didactically based on adult learning theories [43] and consists of a combination of e-learning and inter-professional, behavior-based team training performed in-person (blended learning) and involving a high level of interaction among team members. With regard to the content, basic competencies for patient safety will be imparted in the three key areas Teamwork, Error management, and Patient involvement.
In the following, the intervention is described according to the Templates for Intervention Description and Replication (TIDieR) [44] .
Participants can access the online e-learning platform via a link. The e-learning course can be completed individually independent of time and location and allows for self-directed learning [45] . First, a video is presented, which introduces the topic of patient safety and demonstrates how to handle the e-learning course. For each key area a 1-h module is provided. The three modules are divided into submodules, which last from 5 to 10 min. The participants can go through as many single submodules, as they have time in a row. They have the opportunity to interrupt the process and restart from the same point at a later time. Within each module, an introduction video, presenting an overview of the content of the module, is provided. A variety of learning materials are used (instructional videos, interactions within text-based and audio-visual content). A section with take-home information concludes each module. Figure 2 provides an overview over the submodules. As an incentive, physicians get Continuing Medical Education (CME) credits and registered nurses get continuing education credits.
The participants have a maximum of 6 weeks to complete the whole e-learning course. They will be reminded twice (after 2 weeks and after 4 weeks). Moreover, a poster in their ward rooms reminds them to participate. In addition, they will receive cups and pens with the study logo as encouragement to participate.
The in-person training will take place in the actual teams in which the participants work. It will be conducted 1 to 4 weeks after the participants have completed the e-learning course. Behavior-related, practical exercises corresponding to the three key areas will be performed to facilitate the transfer of the theoretical content from e-learning into routine practice. Within the key area Teamwork, a video analysis will be conducted. Therefore, participants have to find mistakes in interprofessional teamwork seen in the video (corresponding to the e-learning submodules) and make appropriate recommendations for improving the inter-professional teamwork. Within the key area Error management, they have to do a detailed case analysis of a provided CIRS (Critical Incident Reporting System) case with the help of an Ishikawa chart [46] . Within the key area Patient involvement, the participants have to act out a role play on the subject "Communicate an adverse event." Participants' experiences and challenges regarding communication and behavior will be discussed after the role play. At the end, an action plan including important take-home information for each key area will be established.
The in-person training is expected to last for 210 min including breaks, which is considered realistic and resource-friendly. It will be conducted by psychologists, educationalists, nurses and public health scientists of our research team with experience in group moderation and adult education courses. These moderators will be trained in a train-the-trainer workshop by the consortium leaders. A trainer manual will provide the basis for the training and will contain information on the framework conditions (location, premises, duration and participants), the training schedule, and the content of the three key areas (including objectives, methods, and materials).
The intervention promotes all components of the KSA framework (Knowledge, Skills, Abilities) [47] in the three key areas. The intervention will take place at an employee level (e-learning) and a team level (inter-professional in-person training), but will also address the organizational and patient level. The intervention will be carried out at cluster level. In accordance with a flipped classroom approach (the trainees will prepare for the inperson training through e-learning), the participants of IG2 (blended learning group) will start with the elearning course, where they work individually on the theoretical foundations for the three key areas (knowledge). Subsequently, the participants of IG2 will try out (skills) and consolidate (abilities) their knowledge in the in-person training. IG1 participants will work exclusively on the e-learning course. The WCG will not initially be assigned to an intervention, but will be given the opportunity to participate once the follow-up measurement has been concluded (see Fig. 3 ). Figure 3 shows a schedule of study enrolment, interventions and assessments. The recommendations for interventional trials (SPIRIT) checklist [63] is available as Additional file 1.
Outcomes
The primary outcomes in the pilot study are Safety-related behavior regarding Teamwork, Error management and Patient involvement and Subjectively perceived patient safety. The secondary outcomes are aspects of Teamwork, Error management and Patient involvement.
Measuring the outcomes
As part of piloting the intervention, all outcomes will be measured at the individual level. Primary and secondary outcomes will be assessed at three points in time (pre, post and follow-up) by an online survey for the purpose of a summative evaluation. It will take approximately 20 min to complete this survey. There is also a paper version of the survey available. For the primary outcomes, situational judgement tests [48] [49] [50] will be used. They were pretested within an expert workshop with different members of inter-professional teams (e.g., physicians, nurses, therapists). The situational judgement tests describe typical everyday situations specifying five possible realistic behaviors. The participants have to rank the behaviors in the way that they most likely would react (ranging from (1) this approach is closest to my reaction, to (5) this approach is the least of my reactions). The ideal sequence, based on results of the expert workshop, will be scored with 30 points (4*4 + 3*3 + 2*2 + 1*1 + 0*0). The worst sequence will be scored with 10 points (4*0 + 3*1 + 2*2 + 1*3 + 0*4). The secondary outcomes will be assessed by validated scales and single items from standardized questionnaires. (e.g., Teamwork = Abridged version of the Questionnaire on Working in a Team (FAT-K) [51] , Revised Nursing Work Index (NWI-R) [52] , Scale to assess knowledge integration problems in interdisciplinary project teams (WIP) [53] ; Error management = Error Orientation Questionnaire (EOQ) [54] , Safety Attitudes Questionnaire (SAQ) [55] , German short version of the Attitudes towards Patient Safety Questionnaire (G-APSQ short) [56] Safety Organizing Scale (SOS) [57] , Psychological Safety Questionnaire [58] ; Patient involvement: Think-SAFE Patient Safety Questionnaire [59] , ProviderPatient-Relationship Questionnaire (PPRQ) [60] . Items will be answered on 5-point Likert scales (ranging from totally disagree (1) to totally agree (5) . A list of all included questionnaires is provided in Fig. 3 . Once the intervention components (e-learning, in-person training) have been completed, the feasibility of the intervention will be investigated for the purposes of a formative evaluation. To evaluate the e-learning, a short online survey will be conducted with all e-learning participants. To evaluate the in-person training, a paper-pencil survey will be conducted with all in-person training participants. Both surveys will last approximately 5 min. The intervention components will be evaluated with regard to satisfaction and acceptance. Additionally, the userfriendliness of the e-learning course will be measured. Therefore, validated scales from standardized questionnaires will be used [61, 62] . Furthermore, items will be designed which reflect the specific characteristics of elearning (e.g., the option of interrupting the e-learning course and restarting from the same point).
To evaluate the feasibility of the intervention, problemfocused individual interviews will be conducted. Within these interviews, the acceptance, feasibility and userfriendliness of the intervention components will be examined from the perspective of the participants, and barriers to participation and promoting factors, which could have an impact on primary and secondary outcomes, will be explored. Figure 3 provides the schedule of enrollment, interventions and assessments.
Data collection and management
To access the online survey regarding summative evaluation, all participants will receive an email with a unique link to the online survey at each time of assessment (pre, post and follow-up) (see Fig. 1 ) from the local study coordinator. Lists with contact details of participants will be stored by the local study coordinator at participating hospitals. None of the researchers at the study sites will have access to any contact information of the participants. If required, participants can download a paper version of the survey and return questionnaires by mail to the study sites. Moreover, wards that do not provide email access for participants will receive a paper version of the survey coded with the ward number for unambiguous allocation of returned surveys. With the latter option, questionnaires will be collected in a survey mailbox at the wards or can be mailed directly to the study sites. For ensuring the allocation of individual paper-pencil and online data for pre, post and follow-up surveys, participants will be asked to create an individual four-digit ID to be entered in the survey. In order to raise response rates at each time of assessment, participants will receive at least two reminders via email 2 and 4 weeks after the initial invitation to the survey. In case of distributed paper-pencil questionnaires, the local study coordinator will send at least two postal reminders or give verbal reminders in team meetings at the wards. In addition, a poster in the ward rooms will remind them to participate.
Online surveys (pre, post and follow-up) will be entered by participants and pseudonyms stored on the survey projects at QuestBack server park (located in Bremen, Germany), a BSI-certified data center ensuring stringent security requirements. Paper-based questionnaires collected at the three study sites will be entered to the online survey platform (Unipark) by researchers, following data entry rules agreed in the study consortium. For quality assurance, 10% of the paper-based survey entries will be reviewed independently by a second researcher at the study sites. After the completion of the data collection, raw data will be downloaded in analyzable formats such as IBM SPSS Statistics 25.
Concerning the formative evaluation of the e-learning, a link in the e-learning course will lead the participants directly to the corresponding online survey. Data will be collected anonymously and will be entered by participants. They were also stored at QuestBack server park. Concerning formative evaluation of the in-person training, data were collected via paper-based survey right after the in-person training. These anonymous surveys will be gathered in a mailbox. The collected data will also be entered into an online survey platform (Unipark) by researchers following the same rules as is stated above.
The problem-focused interviews will be carried out with the help of a half standardized interview guide by members of our research team. The interviewer will be trained by the consortium leaders. The interviews will be conducted via phone and recorded on tape. Before the interview, participants will sign a declaration of consent for the electronic recording, transcription and use of data for publications and lectures. In addition, they will sign an information leaflet of data confidentiality in accordance with the European General Data Protection Regulation (EU-DSGVO). The tape material will be transcripted by researchers according to transcription rules of Dresing and Pehl [64] . For the transcription and the subsequent evaluation MAXQDA Plus 12 software (VERBI Software GmbH, VERBI Software Company) will be used. The data will be stored on password-protected computers. All personal data will be deleted during the transcription process. All participants will be given a pseudonym during the evaluation to guarantee data confidentiality and ensure that no conclusions could be drawn regarding the identity of the individuals.
Due to data security aspects, data from the KOMPAS study will not be made available in the public domain. By the end of the project, survey projects will be archived and deleted from QuestBack server. All data will be stored in accordance with national and regional data security standards.
Data analysis
Quantitative data from the pilot study will be evaluated using descriptive and inferential statistical analyses. A linear mixed model will be applied with fixed effects for the intervention group, time (repeat measures), group * time interaction, and study site, and a random intercept for ward affiliation. This model includes the estimation of the intra-cluster correlation (ICC) for our outcomes to provide the basis for a larger confirmatory study in the future. If substantial baseline differences are detected between groups, the relevant variables will be included in the analytical model at the individual or ward level.
Analyses will follow the intention-to-treat approach, including data from all participants. A sensitivity analysis will be performed to assess the robustness of the findings against different strategies for dealing with missing data and accounting for the amount ("dose") of intervention received by the participants. Potential predictors and moderators will be explored in post-hoc analyses. The qualitative data from the problem-focused individual interviews focused on reviewing the feasibility of the intervention will be analyzed on the basis of a structured contents analysis in accordance with Mayring [65] [66] [67] .
In order to increase validity of the results, we will use methodological triangulation [68] . Qualitative and quantitative data will be cross-checked to search for regularities.
Data monitoring
LK supports this study as an independent statistician. He advanced the study team in the development of the evaluation and instruments, but is not involved in trainings and the data collection process. Moreover, he is responsible for data monitoring during the data collection (e.g., cleaning the data, checking for duplicate observations), dataset preparation, and will analyze the data for primary research questions of this study. A data monitoring committee is not necessary.
Discussion
The study puts forth a training intervention which has the potential to improve patient safety in inpatient care. Members of inpatient care teams will be trained in three key areas, which are crucial for patient safety, simultaneously. We expect the intervention to establish a standardized and quality-assured format for the training of basic competencies in Teamwork, Error management and Patient involvement. In doing so, the intervention will contribute to improving Safety-related behavior as well as Subjectively perceived patient safety by inpatient care teams. The inter-professional design of the intervention will serve to encourage exchange between the different professions in addition to establishing a shared knowledge base [69] . The blended learning format will support application of the theoretical knowledge gained, thereby facilitating the transfer into routine clinical practice.
Despite the fact that we will conduct a multicenter study, which enables a higher degree of generalization, it must be critically noted that there is a risk for selection bias in recruitment, which might narrow the external validity of the study. Possibly, hospitals and wards which choose to participate are primarily those which are prone to interventions of this type and content. Moreover, it is possible that the exclusion of pediatric, emergency, and intensive care units could narrow the generalization of the results. Furthermore, the fact that the situational judgement tests have not been validated yet, imposes a methodological limitation on the study. Future studies should establish the validity of the tools used for the specific context. Another limitation of the study are the three points of assessment. We cannot rule out that there are dropouts. That is why we assumed a high dropout rate from the beginning.
Based on former studies on interventions of patient safety [13] [14] [15] [16] [17] , it can be assumed that the training will have great potential for the results to be used in future research and practice. The present study will provide the basis for a confirmatory phase-3 study [40] . Furthermore, the results of problem-focused individual interviews and the developed strategies for overcoming potential barriers could be used for deriving a set of implementation guidelines in healthcare. In addition, approaches for improving the e-learning course and in-person training will be developed where required in order to maximize acceptance among the participants.
In future research, the training could be offered at other hospitals. The training program could also be adapted and evaluated for the education sector and other areas of healthcare. Using a train the trainer concept, internal trainers (e.g., quality managers, human resource staff members) could be trained to perform the in-person training. Consequently, the intervention could be used continuously and comprehensively to provide advanced training for hospital staff. Moreover, it opens up the possibility of designing and specializing in a wide range of directions (e.g., tandem/ team teaching, indication-specific modules).
Trial status
Recruiting is in process (issue date 12 December 2018). Participating hospitals and wards have been provided with necessary information on intervention and data collection. Pre-data collection started in July 2018 and will probably be completed in spring 2019.
Dissemination
The findings of the study will be communicated using a comprehensive dissemination strategy. Peer-reviewed publications are planned under corporate authorship of the KOMPAS research team. Moreover, presentations of study findings will also be taken to relevant national and international research conferences, congresses and local research symposia. Results will also be disseminated to the participating wards. Moreover, results from problem-focused interviews as well as strategies for overcoming barriers will be made publicly available to create transparency for persons in charge for the implementation of the intervention in the future.
Important protocol modifications will be reported to relevant parties (e.g., trial registries, Ethics Committee, journals) immediately.
